Learning pointsGeometric displacement of both papillary muscles due to left ventricular remodeling is a common phenomenon in ischaemic and non-ischaemic dilated cardiomyopathy that is associated with relevant functional mitral regurgitation (FMR).Relocation of both papillary muscles in addition to ring annuloplasty specifically addresses mitral leaflet tethering and may represent a viable treatment option in patients presenting with end-stage cardiomyopathy and severe FMR.In addition to patient characteristics and surgical risk, the pathogenesis and predominant mechanism of FMR should be evaluated by the heart team to define the best available treatment strategy.

Introduction
============

The optimal treatment of functional mitral regurgitation (FMR) with restricted leaflet motion during systole (Type IIIb) in heart failure patients is still controversial.[@ytaa087-B1]^,^[@ytaa087-B2] Apart from guideline-directed optimal medical therapy (OMT), cardiac resynchronization therapy (CRT), and interventional mitral valve replacement, a durable mitral valve repair (MVR) has the potential to improve cardiac reverse remodeling and prognosis.[@ytaa087-B3] In contrast to an isolated ring annuloplasty, which is associated with a high rate of late recurrent FMR,[@ytaa087-B4] simultaneous subannular repair manoeuvres have been shown to significantly improve long-term competence after MVR.[@ytaa087-B5]

Timeline
========

  -------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  October 2012   First admission due to the symptoms of congestive heart failure \[New York Heart Association (NYHA) Class II--III\]. Exclusion of acute coronary syndrome by coronary angiogram and diagnoses of non-ischaemic dilated cardiomyopathy with consecutive mild to moderate functional mitral regurgitation (FMR) Type IIIb.
  May 2016       Second admission due to acute decompensated systolic heart failure (NYHA Class III) and moderate FMR Type IIIb. Exclusion of coronary artery disease by coronary angiogram.
  April 2017     Third admission due to acute decompensated heart failure (NYHA Class IV) and severe FMR Type IIIb.
  October 2017   Fourth admission due to acute decompensated heart failure (NYHA Class IV) and severe FMR Type IIIb despite OMT. Minimally invasive mitral valve repair including relocation of both papillary muscles combined with ring-annuloplasty.
  April 2018     6-month post-operative follow-up. No signs of residual FMR. Improved functional exercise capacity (NYHA Class II).
  October 2018   12-month post-operative follow-up. No residual FMR. Reverse left ventricular (LV) remodeling leading to improved systolic LV function as demonstrated by echocardiography and cardiac magnetic resonance.
  October 2019   24-month post-operative follow-up. No residual FMR. Stable signs of reverse LV remodeling.
  -------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Case presentation
=================

An 80-year-old male patient presented with recurrent symptoms of severe congestive heart failure, including shortness of breath \[New York Heart Association (NYHA) Class IV\], peripheral oedema, and pleural effusions due to non-ischaemic dilated cardiomyopathy (DCM). Routine admission laboratory testing revealed signs of chronic left ventricular (LV) volume overload (NT-pro BNP 5784 ng/L) and chronic renal failure (creatinine 1.4 mg/dL). Apart from mild anaemia (haemoglobin 10.8 g/dL) no further relevant abnormalities were present. In his past medical history, he was diagnosed with insulin-dependent diabetes mellitus Type II, hypertension, and permanent atrial fibrillation. The latter could be confirmed by electrocardiogram, whereas no further relevant abnormalities occurred. Despite OMT, including bisoprolol, spironolactone, and sacubitril/valsartan, transthoracic echocardiography (TTE) revealed severe LV dilatation and dysfunction \[LV end-diastolic diameter (LVEDD) 65 mm; LV end-systolic diameter (LVESD) 53 mm; LV ejection fraction (LVEF) 25%\], which was confirmed by cardiac magnetic resonance (CMR) imaging \[LV end-diastolic volume (LVEDV) 247 mL; LV end-systolic volume (LVESV) 192 mL; LVEF 22%\] ([*Figure 1A* and *B*](#ytaa087-F1){ref-type="fig"}). Furthermore, geometric displacement of both papillary muscles resulted in significant mitral leaflet tethering (tenting-height 11 mm; tenting-area 2.5cm^2^; PML angle 41°) leading to severe Type IIIb FMR (EROA 0.22 cm^2^) and dilatation of the left atrium (left atrial volume 128.35 mL) (*[Figure 2](#ytaa087-F2){ref-type="fig"}*). Cardiac resynchronization therapy was not indicated due to the absence of left bundle branch block and an QRS duration below 130 ms. Due to the absence of relevant ventricular arrhythmia, preventative implantation of a defibrillator was dismissed in this case by case decision. Interdisciplinary heart-team decision was to perform minimally invasive MVR and simultaneous cryoablation for atrial fibrillation with an occlusion of the left atrial appendage. In contrast to an interventional edge-to-edge repair (MitraClip^®^)[@ytaa087-B8] and standard surgical or catheter-based annuloplasty, surgical relocation of both papillary muscles was performed to actively re-remodel the left ventricle and thereby to specifically address severe leaflet tethering (*[Figures 2C](#ytaa087-F2){ref-type="fig"}* and [@ytaa087-B3]) The procedure was performed using a minimally invasive 3D full-endoscopic surgical approach. In addition to conventional mitral valve (MV) annuloplasty using an 28 mm ETlogix ring (Edwards Lifesciences, Irvine, CA, USA) two pledgeted 3-0 polytetrafluorethylene sutures were placed through the trunks of both papillary muscles (*[Figure 4A](#ytaa087-F4){ref-type="fig"}*) and subsequently passed through the posterior mitral annulus (*[Figure 4B](#ytaa087-F4){ref-type="fig"}*) and the adjacent annuloplasty ring (*[Figure 4C](#ytaa087-F4){ref-type="fig"}*). After filling the left ventricle with cold saline stepwise traction was applied on both sutures until leaflet tethering disappeared. To create a stable distance between the papillary muscles and the mitral annulus both sutures were tightly knotted on the annuloplasty ring, while keeping the traction (*[Figure 4D](#ytaa087-F4){ref-type="fig"}*). There were no procedural complications and the patient was discharged fully recovered, with OMT including bisoprolol (5 mg twice daily), spironolactone (25 mg once a day), sacubitril/valsartan (97/103 mg twice daily), and oral anticoagulation (phenprocoumon). Transthoracic echocardiography at discharge revealed an excellent functional result without any residual MR, despite persisting LV dysfunction (LVEF 26%; LVEDD 63 mm; LVESD 51 mm). At 12 months follow-up, the patient reported a significantly improved functional exercise capacity (NYHA Class II). Furthermore, NT-pro-BNP levels decreased significantly in comparison to the baseline values (i.e. 1963 ng/L vs. 5784 ng/L). Transthoracic echocardiography revealed an improved LV function (LVEF 41%), as combined with a significant LV reverse remodeling (LVEDD 49 mm), as well as a competent MV without residual FMR (tenting-height \<5 mm; tenting-area \<1.0 cm^2^; PML angle 12°) ([*Figure 2D*--*F*](#ytaa087-F2){ref-type="fig"}). Cardiac magnetic resonance confirmed a significant LV re-remodeling with an improved systolic LV function (LVEDV 133 mL; LVESV 87 mL; LVEF 35%) ([*Figure 1C* and *D*](#ytaa087-F1){ref-type="fig"}). Twenty-four months after the surgery constant reverse LV remodeling could be demonstrated by TTE (LVEF 46%; LVEDD 51 mm; LVESD 42 mm) and CMR (LVEF 41%; LVEDV 167 mL; LVESV 99 mL).

![Comparison of pre- and post-operative cardiac magnetic resonance imaging showing remarkable reverse cardiac remodeling. Preoperative (*A*) and (*B*): left ventricular ejection fraction 22%; left ventricular end-diastolic volume 247 mL; left ventricular end-systolic volume 192 mL. Twenty-four months of follow-up (*C*) and (*D*): left ventricular ejection fraction 41%; left ventricular end-diastolic volume 167 mL; left ventricular end-systolic volume 99 mL.](ytaa087f1){#ytaa087-F1}

![Comparison of pre- and post-operative transthoracic echocardiography. Apical three (*A*) and four (*B*) chamber view: colour Doppler flow reveals severe functional mitral regurgitation Type IIIb (EROA 0.22 cm^2^). (*C*) Parasternal long-axis few: severe tethering of both mitral leaflets (tenting-height 11 mm; tenting-area 2.5 cm^2^; PML angle 41°; orange: PML; green: AML; blue: annular plane). Post-operative apical three (*D*) and four (*E*) chamber view: colour Doppler flow shows no residual functional mitral regurgitation. (*F*) Post-operative parasternal long-axis few: no residual tethering of mitral leaflets (orange: PML; green: AML; blue: annular plane).](ytaa087f2){#ytaa087-F2}

![Standardized relocation of both papillary muscles using two pledgeted 3-0 polytetrafluorethylene sutures in addition to conventional mitral valve annuloplasty to completely resolve leaflet tethering.](ytaa087f3){#ytaa087-F3}

![Intraoperative images of standardized relocation of both papillary muscles.](ytaa087f4){#ytaa087-F4}

Discussion
==========

In contrast to degenerative mitral valve regurgitation, the most appropriate treatment for FMR Type IIIb remains controversial.[@ytaa087-B1] Contradictory prognostic effects of interventional edge-to-edge repair (MitraClip^®^) in heart failure patients with severe FMR, including Type I and Type IIIb have been published and need further evaluation.[@ytaa087-B9]^,^[@ytaa087-B10] Due to ongoing ventricular remodeling isolated annuloplasty is frequently associated with recurrent MR and failed to reduce mortality rates in comparison to OMT.[@ytaa087-B4] To avoid the increased morbidity and mortality rates after mitral valve replacement, as well as prostheses-related complications, novel subannular repair techniques have been developed.[@ytaa087-B11] By specifically addressing leaflet tethering, which represents the key role in the pathogenesis of FMR Type IIIb, supplemental relocation of both papillary muscles provides improved long-term durability as compared to isolated annuloplasty.[@ytaa087-B6]^,^[@ytaa087-B7] Furthermore, it has the potential to promote reverse remodeling, conceivably resulting in a prognostic benefit.[@ytaa087-B3]^,^[@ytaa087-B6]^,^[@ytaa087-B7]

Conclusion
==========

Standardized realignment of both papillary muscles combined with annuloplasty via a minimally invasive approach resulted in an excellent in-hospital and 2-year outcome in this 80-year-old patient with severe DCM and Type IIIb FMR. In addition to OMT and CRT, a durable MVR significantly reduces chronic LV volume overload, leading to clinical improvement and potential LV reverse remodeling. Therefore, in addition to baseline characteristics and surgical risk, the pathogenesis and predominant mechanism of FMR, including the severity of mitral leaflet tenting, should be considered by the heart team to provide the best possible treatment strategy.
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